Background: Bleeding during total mastectomy and axillary clearance is inevitable, and blood transfusion is often required when bleeding is excessive. Objectives: To predict the probability of transfusion, we tested the hypothesis: "The blood loss during total mastectomy and axillary clearance in Accra is related to the stage of the disease and the size of the breast". Design: Patients undergoing total mastectomy and axillary clearance were prospectively studied from June 2008 to June 2011. The breast and used swabs were weighed immediately after surgery, and patients' full blood count was checked before and after surgery. Setting: Surgical wards and theatres of the Korle Bu Teaching Hospital, Accra. Results: There were 80 women, aged 31 to 85 (Mean 50, SD 3.4) years, with body mass index between 20 and 46 (mean 23.7, median 28). Fifty one (63.8%) had Stage 3 disease, and 47 (58.8%) required neoadjuvant chemotherapy. Pre-operative haemoglobin was 9.5 g/dl to 14.9g/dl (mean 11.6 g/dl, SD 1.1). Post-operative haemoglobin was 9.2 g/dl -13.4 g/dl (mean 10.9, SD 0.97). The mean drop in haemoglobin level was 0.75 g/dl. None of the 80 patients received blood transfusion. There was a linear increase in breast weight with increasing BMI. Blood loss ranged from 95 g to 1185 g, with majority (59; 73.8%) losing between 100 and 400 gram blood. Only 2 patients (2.5%) lost more than 1000 g of blood. Less than 400 g of blood was lost with breast weights below 2 kg. Above that, blood loss increased to more significant volumes. Conclusions: Blood loss during total mastectomy and axillary clearance in Accra was directly related to the size of the breast. There was, however, inconclusive association between tumour stage and blood loss.
Introduction
Bleeding during surgery is inevitable but has dire consequences when it becomes excessive. Surgeons and anaesthetists have therefore always employed a wide variety of techniques to reduce blood loss. In spite of the everpresent danger of transmitting diseases such as Hepatitis B, Hepatitis C and HIV, blood transfusion is often employed whenever blood loss is significant.
Total mastectomy and axillary claeance is an operation that is often carried out for locoregional treatment of breast cancer and is associated with apparent significant blood loss. One of the techniques that was employed decades ago to reduce blood loss during mastectomy was hypotensive anaesthesia [1] . More recently Adrenaline infiltration [2] and flap dissection using electrocautery (diathermy) [3] [4], CO 2 laser [5] and harmonic scalpel [6] [7] are some of the techniques and equipment reportedly used.
In Ghana where over 60% of breast cancers are locally advanced, most operations for the disease involve total mastectomy and axillary clearance rather than breast conservation surgery (lumpectomy) [8] . Because of tumour-induced angiogenesis these large tumours are observed to bleed excessively during surgery, especially when the breasts are large. There is thus the potential of significant blood loss in our mastectomy patients. Blood, however, is not always readily available for transfusion, because blood transfusion services in Ghana are plagued with the perennial problem of low stock levels.
Most patients for total mastectomy and axillary clearance at the Korle Bu Teaching hospital (KBTH) have blood grouped and cross matched in anticipation of possible transfusion, but in spite of the observed excessive bleeding we had observed that few patients ultimately receive blood transfusion.
It is desirable to be able to predict the probability of blood transfusion before mastectomy, so that we can improve the efficacy of the ordering system for maximum utilisation of blood [9] . We therefore sought to test a hypothesis that "the blood loss during total mastectomy and axillary clearance in Accra is related to the stage of the disease and the size of the breast".
Methods
Consenting patients undergoing total mastectomy and axillary clearance on a surgical unit at the Korle Bu Teaching Hospital (KBTH) were prospectively studied, consecutively, from June 2008 to June 2011. This surgical unit attends to an average of 100 breast cancer patients each year. The main components of the study were determination of the stage of the disease, size of breast (weight/volume) and the amount (volume/weight) of blood lost during total mastectomy and axillary clearance. The patients were all Ghanaian women.
The inclusion criteria were patients with breast cancer who were due to have total mastectomy and axillary clearance. Exclusion criteria were patients for toilet mastectomy without axillary clearance and those with bilateral disease.
The disease was staged by the TNM and the Manchester Classifications. The patients' height and weight were determined before surgery. Neoadjuvant chemotherapy was administered to downstage locally advanced tumours. Those patients were regularly reviewed after 2 -3 cycles and surgery performed if there was response to chemotherapy. If there was no response or the disease progressed, surgery was carried out if it was feasible otherwise the regime was changed. The operations were carried out by two surgeons using identical operating technique. Skin flaps were raised using monopolar diathermy. Axillary dissection was by level II axillary clearance, using scissors and diathermy for dissection, and diathermy and suture ligation for haemostasis. The breast was weighed immediately after removal using an electronic scale. Blood loss was determined by weighing all used swabs before and after surgery.
The patients' haemoglobin level was checked before surgery and 48 hours after surgery. Patients were to receive blood transfusion during surgery if the anaesthetist judged it was indicated by the amount of blood lost and the patient's physiological status. Post-operatively, patients were to have haemo-transfusion if their haemoglobin level dropped to 8 g/dl or if they developed anaemic symptoms with haemoglobin levels between 8 and 10 g/dl.
Data was compiled using Microsoft Excel software. Analysis of mean, standard deviation and mode, as well as the ANOVA and Spearmen Correlation were performed with Spss version 20; the level of significance was set at 0.05.
Results
There were 80 women, aged between 31 and 85 (Mean 50, SD 3.4) years. They were of varying parity (0 -7) as detailed in Table 1 . Their body surface area (BSA) calculated from the height and weight ranged from 1.53 to 2.28. Body mass index (BMI) ranged from 20 to 46 (mean 23.7, median 28). The left breast was affected in 33 patients and the right in 47.
Fifty-one (63.8%) of the patients had Stage 3 disease at presentation. The details of stage of presentation are shown in Table 2 . Forty-seven (58.8%) had neoadjuvant chemotherapy, with number of cycles ranging from 2 to 6. The medicines received were CAF (37), AC (6), CMF (3) and Capecitabine-Paclitaxel (1). None of them had neoadjuvant tamoxifen or radiotherapy.
Response to neoadjuvant chemotherapy was as follows: complete response (3), partial response (18), stable disease (24), and disease progression (2) .
Pre-operative haemoglobin ranged from 9.5 g/dl to 14.9 g/dl (mean 11.6 g/dl, SD 1.1). Post-operative haemoglobin, checked 48 h after surgery, ranged between 9.2 g/dl and 13.4 g/dl (mean 10.9, SD 0.97). The mean drop in haemoglobin level was 0.75 g/dl.
None of the 80 patients received blood transfusion during or after surgery. Patients with breast weight between 325 and 499 grams had a mean body mass index of 23.2. There was a linear increase in breast weight with increasing BMI (Figure 1) . Table 3 shows the intra-operative blood loss, measured by weight. Losses ranged from 95 g to 1185 g, with majority losing less than 300 grams (50 patients [63%]) and Sixty three (78.8%) lost less than 400 gram of blood. Only 2 patients (2.5%) lost more than 1000 g of blood. Figure 2 shows the blood loss (mean) associated with different breast sizes. This shows that there was less than 400 g of blood lost with breast weight below 2 kg. Above that, blood loss increased to more significant vo- Table 1 . Parity of patients.
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lumes. There was however no positive correlation between breast size and blood loss as indicated by the Spearman statistic R = 0.14286 with a two tailed p value of 0.75995. The blood lost by patients with various stages of disease is shown in Table 4 . There was no statistically significant difference in the mean breast weight and mean blood loss for the different stages of the disease; F = 2.5, p value = 0.9 and F = 1.9, p value 0.16 respectively.
Discussion
Most patients (78.9%) in this study lost less than 400 g of blood during mastectomy. The amount of blood lost was higher in extremely large breast weighing more than 2 kg in which a litre or more blood was lost during total mastectomy and axillary clearance. There was no statistically significant difference between the mean breast weight and mean blood loss for the difference stages of cancer. This is accounted for by the fewer number of patients (2) with extremely large breast weighing 2 kg in this study. Total mastectomy with axillary clearance, rather than breast conservation, is the main surgical treatment offered to women presenting with breast cancer in Accra, Ghana. This is because most patients present with advanced disease [8] . In this study of patients having total mastectomy and axillary clearance at the KBTH, 51 (63.8%) of them had stage 3 disease and 42 (58%) needed neoadjuvant chemotherapy.
Blood loss during mastectomy depends on many factors. Some surgeons cause more bleeding than others. The surgical technique and available equipment for controlling haemorrhage and minimising blood loss will also influence the amount of blood lost. To minimise these variables, this study was carried out by two surgeons in the same unit who used identical technique and equipment.
The hypothesis being tested was "the blood loss during mastectomy is related to the stage of the disease and the size of the breast".
Blood loss was measured by weighing swabs before and after use. The specific gravity of whole blood is about 1.0621 [10] . The weight of whole blood measured in grams can therefore be approximated to volume in millilitres (cm 3 ) of blood. In this study, however, we have maintained reporting the blood loss in grams rather than in millilitres.
Breast size can be difficult to estimate. Although brassiere size is one good way of determining size, it is known that many women do not know their correct brassiere sizes. It has, in fact, been reported that between 80 to 95% of women wear the wrong size [11] . We therefore weighed the post-mastectomy breast as a measure of size, well aware that such measurements may be difficult to translate to women before mastectomy.
With regard to the relationship between stage of disease and blood loss, we could not draw any conclusions. There was no statistical difference in the mean blood loss for the three stage of disease studied ( Table 4) . It was noted that all the patients with large breasts (>2 kg) in this study had stage 3 disease. Patients with large breasts bled more than smaller breasts, irrespective of stage of disease, thereby rendering the determination of the inde- pendent effect of tumour stage on bleeding inconclusive in this study population.
The main conclusions we can make from this study are that most patients lose less than 400 g of blood during mastectomy, and the amount of blood lost could be considerable in patients with large breasts (more than 2 kg weight) as they are at risk of significant blood loss (1000 mg or more) during mastectomy. A larger study population will be needed to confirm these findings and also to determine the effect of tumour stage on bleeding.
The significance of these findings is that patients with small breasts are most unlikely to need blood transfusion during and after mastectomy. Those with large breast (estimated to be >2 kg) should have blood crossmatched and care taken to minimise blood loss during surgery. When possible such patients could even be prepared for autologous blood transfusion.
There are limitations to this study. Although the two surgeons who carried out the operations used identical methods, there remains a potential for differences in technique that could affect the amount of blood loss between the two surgeons. Because of the number of variables involved in this study, a much larger sample is needed to draw definite conclusions, especially with regard to the effect of tumour stage on bleeding during mastectomy. Lastly the determination of breast size used in this study (weight of breast) cannot be translated directly when considering a patient for mastectomy.
